aBStRaCt Introduction: Intestinal parasites are among the most frequent diagnoses worldwide. An accurate clinical diagnosis of human parasitic infections depends on laboratory confirmation for specific differentiation of the infectious agent. Objectives: To create technological solutions to help parasitological diagnosis, through construction and use of specific software. Material and method: From the images obtained from the sediment, the software compares the morphometry, area, perimeter and circularity, and uses the information on specific morphological and staining characteristics of parasites and allows the potential identification of parasites. Results: Our results demonstrate satisfactory performance, from a total of 204 images analyzed, 81.86% had the parasite correctly identified by the computer system, and 18.13% could not be identified, due to the large amount of fecal debris in the sample evaluated. Discussion: Currently the techniques used in Parasitology area are predominantly manual, probably being affected by variables, such as attention and experience of the professional. Therefore, the use of computerization in this sector can improve the performance of parasitological analysis. Conclusions: This work contributes to the computerization of healthcare area, and benefits both health professionals and their patients, in addition to provide a more efficient, accurate and secure diagnosis.
intRoDuCtion
The presence and the advancement of technology in health care are due to the recognition that processing and analysis of experimental data, whether clinical or epidemiological, require constant evolution (9) . In clinical laboratories the process is the same, each day they are demanding from their information systems, allowing for improvement to meet their needs.
The information system has numerous applications for clinical laboratory. A good example is a database with information on all exams, where the key elements of test are defined, such as name, identification code, units of measurement, reference values and critical values, among others. Fast and preparation information provided to customers are based on them, as well as the examination price and locations where it is performed (14) . Information technology is also present in the customer care process from the registration, which assists in phonetic search, eliminating possible registration duplicity errors. The utilities of this system are also present in the collection process, by using barcode for sample identification, increasing efficiency, resulting in significant errors decrease, and reducing costs (15) . Otherwise, electronic receiving of tests result, through automatic interface with the equipment that performed the analysis, and compiling patient's previous data to create a delta check, assist in the approval of data obtained in the analysis (2) . The latest developments in the laboratories management applications facilitated the access to the results of tests released by the technical area over the Internet, or automatically sent by email to the end user, either the patient or their physician (4) . According to the World Health Organization (WHO) (5) , it is estimated that 3.5 billion people worldwide are infected with one or more types of parasites. In Brazil, it is performed about 20 million parasitological examinations per year in public bodies, and large portion of infected population is in rural and urban poverty areas (6) . 10.5935/1676-2444.20150036 An accurate clinical diagnosis of parasitic infections in human depends on laboratory confirmation to differentiate the specific infectious agent. Clinical examination is the first step in the diagnosis, and the stool ova and parasites (O&P) test is the standard test for this diagnosis (7, 8) . Such test may be carried out by several techniques standardized in clinical laboratories. Although different sensibilities and methodologies, all consist of two fundamental steps: microscopic and macroscopic analysis of samples (8) . Macroscopic examination allows observing stool consistency, smelling, presence of abnormal elements, such as mucus and blood, and adult worms or parts of them. The microscopic examination allows observing helminth eggs or larvae, cysts, protozoan trophozoites or oocysts.
Currently, exclusively manual techniques are used in Parasitology area, and are likely to be affected by variables, such as professional attention and experience. Furthermore, the sensitivity of conventional diagnostic ranges from 48% to 76%, since all the final analysis process depends exclusively on human evaluation, automated protocols for Parasitology are not found, so far (9) .
Knowing these limitations and seeking to bring greater reliability to O&P test, this study aimed to develop an information system to assist in the parasitological diagnosis, which would be able to meet specificity, sensitivity and speed criteria. In this paper, we chose two types of roundworms to characterize the parasitological diagnosis aid system: Ascaris lumbricoides and Trichuris trichiura. The choice of the parasites was based on eggs morphology, since they are significantly different, and also because they are commonly found in O&P test.
MatERiaL anD MEthoD
The analytical data were initially obtained by selecting microscopic images in the Laboratório de Biomedicina da Universidade Feevale, which were captured from pools known positive for the selected parasites (Ascaris lumbricoides and Trichuris trichiura). The resources used were a color CCD camera with resolution of 410,000 pixels, connected to the microscope Nikon Eclipse E200, from which the images were subsequently, transferred to a computer, and thus stroing the images. From the images obtained, the software Diagnosis Support System (DSS), specially developed for the system, made the identification of parasites eggs through morphometric analysis, area, perimeter and circularity, and use information on specific morphology and coloration characteristics of the parasites in question.
The system was developed in partnership with the Computer Course of Universidade Feevale, so that it is free to use without patent or paid registration. This system was created using C# language, with Microsoft Visual Studio 2005 platform and MATrix LABoratory (MATLAB) tool. C# is a object-oriented programming language designed by Microsoft, it is part of.NET platform, and is based on C++ and Java languages. According to Microsoft, Visual Studio 2005 is included in the Software Development Kit. Mostly, this platform is used for development in VB.NET and C#. MATLAB is a tool originally designed to perform matrix calculations. Today, it has several features in relation to image processing. According to Mosmann (2007) , it is an interactive easy handling system that allows formulating solutions to the most diverse problems, especially those involving matrices. Therefore, specific solutions can develop quickly, compared with C or FORTRAN languages; also it has several libraries to work in different areas of scientific computing. In academic environments, MATLAB is often used for research and development (10) .
The analysis of images obtained from the slides prepared with sediment acquired by spontaneous sedimentation technique, initially the system obtained the sample image through a camera connected to a microscope. At first, the prototype produced a new image from the original, but in grayscale. This was done because grayscale image is easier to manipulate. In preprocessing, and the image already in grayscale, a filter was applied to reduce image noise level by blurring it, thus, causing blurry, so the software could distinguish the edges of objects contained in the image more easily. In the segmentation process, an edge detector was applied in the filtered image; with this procedure a new image with the contours of objects was obtained. Subsequently, the image was scanned for the region of interest, that is, objects similar to a parasite, generating a new image. Then, the software analyzed the characteristics of the images and its objects, checking color, size, shape and texture. The Ascaris lumbricoides and Trichuris trichiura eggs were identified by eggs area, perimeter, and circularity characteristics; the area was defined as the number of black pixels in the segmented image. Then, to obtain the perimeter, an edge detector was applied in the image to identify the number of pixels in the edge. With the area and perimeter, the calculation was applied to determine the circularity (Figure) .
In this study were analysed 204 images obtained through the camera connected to the microscope, 85 Ascaris lumbricoides, 54 Trichuris trichiura, and also 65 artifacts, to verify the reliability of the DSS software. Each image was subjected to the software, which processed it and indicated the type of parasite eggs in the sample.
RESuLtS
After the initial development and testing of Parasitology DSS software, it was possible to define that the area of Ascaris lumbricoides eggs was in a range from 60,000-100,000 pixels; since the area of Trichuris trichiura was 20,000-41,000. It was also determined that Ascaris lumbricoides eggs had circularity between 0.79-1.1 pixels and Trichuris trichiura, between 0.9-1.2 pixels, these data used for comparing the images ( Table 1) . These values were essential for the identifications, because the system initially conducted a comparative study verifying if the values found were in a possible range of area and circularity of the Trichuris trichiura eggs, otherwise, the same comparative study would be done for the Ascaris lumbricoides eggs.
For system tests, we obtained 54 Trichuris trichiura, 85 Ascaris lumbricoides and 65 artifacts, totaling 204 images. Table 2 shows the percentages of errors and accuracy for each egg of the evaluated parasites, as well as to artifacts, after selection and analysis of the images by the software.
By analyzing the images, it was realized that we obtained clear images and with good lighting, as well as bad images, i.e., dark, deformed and plenty of dirt, which affected the analysis by the software. Then, representative data for errors that occurred for both the artifacts identification ( Table 3 ) and Trichuris trichiura ( Table 4) and Ascaris lumbricoides eggs (Table 5) were identified.
DiSCuSSion
Usually, the identification and quantification of intestinal parasites, protozoa or helminths, are performed through microscopic inspection and manual sample, requiring technical expertise, as well as more time (9) . However, advances in technology and lower costs for implementation of computerized methods have opened opportunity to the emergence of new techniques, such as computerized image analysis. This can be used in different sectors of clinical laboratory, especially in the Parasitology sector routine, allowing the identification of parasites by an automated mode and not subjective and overcoming some of the disadvantages of manual techniques (11) . Image analysis is not restricted to the process of analyzing, and yes, capturing the image, and to process it are also important. This technique allows improvement in the images obtained, and the automatic recognition and identification of patterns using certain characteristics, and resulting in time and work reduction. This analysis has proven to be a potential alternative tool to overcome the disadvantages associated with visual identification of microorganisms and parasites (9, 11, 12) .
In this paper, the image analysis procedure allowed the identification and differentiation of Trichuris trichiura and Ascaris lumbricoides eggs, and artifacts. During the evaluation of Trichuris trichiura eggs image, from 54 truly positive images, 17 were not detected by the software, which corresponds to a percentage of 31.5% error and 68.5% accuracy. The lack of correct identification could be justified due to the interference of fecal debris present in large numbers in the slides. We emphasize the importance and the professional responsibility to be careful in preparing the slides, minimizing interferences that could be a confounding factor when detected by the system, and still opting to use an O&P preparation method that produces fewer waste (13, 14) . When the images of Ascaris lumbricoides eggs were evaluated, we could observe that the correct identification percentage was higher, since from the total of 85 images, 14 had problems in identifying, which corresponds to 83.5% accuracy and 16.5% error. The main source of error can be attributed to too much light at the time of image capture, undermining the segmentation by software and subsequent identification of parasite. This fact calls our attention to the need for standardization of equipment, such as the microscope and the camera, the intensity of light and objectives magnification. In addition to the factors reported, care during obtaining preparations is crucial to achieve good images, since the fecal waste is an important confounding factor for appropriate analysis by the software. Regarding the use of automation in the analytical phase of Parasitology, difficulties are still experienced in its implementation, justified due to the lack of commercially available equipment, plus the cost of implementation of automation, particularly in small to medium-sized laboratories. The search for standardization of a software dedicated to the identification of eggs and parasite cysts, some studies have been conducted, both in Brazil and abroad. An important differentiation in our study compared to other studies found in the literature refers to the means of comparing images, since the developed Parasitology DSS software differs from the others for allowing the identification of parasite species based on morphometric analysis, involving area, perimeter, circularity and also typical morphological structures of each species, and not only in a comparison of selected images in file database. Two other parasites identification systems were found in the literature, both are based on the comparison of images stored in image banks. Such systems acquire images automatically, scanning slide in different focuses, 400× increase, sending them to the computer analysis module, where the presence of parasites in samples is detected. In a similar study, Dogantekin et al. (2008) , using a parasite identification software, could identify 16 different species of parasites with an accuracy rate of about 95% (15) . In the study by Falcão et al. (2008) , the developed software proved to be able to report the presence or absence of parasites with an index of 93% accuracy, but without performing the their identification (13) . It should be noted that in this latest work important improvements have been made, such as the use of more concentrated Lugolbased dye, followed by alkaline digestion of fecal micro debris, which led to greater clarity on parasitic structures and improved the contrast obtained.
Based on the results and implementing improvements to obtain samples with less debris, identification of eggs of other parasites is presented as a perspective for using this software.
ConCLuSion
We conclude that the use of automation in the analytical phase of Parasitology is also possible, and, thus, therefore it is necessary to increase mechanical functions associated with the software, such as automatic prepare of sediment and slides, as well as scanning it through specialized microscopy. This system may bring important gains for laboratories and patients, as it may allows, for example, that the reports issued, today presented only in text form, they can be accompanied by confirmatory images, and allows a reducing the time spent for samples analysis. 
